Abstract: This systematic review analyses the difference of the mean marginal bone loss (MBL) 1 year after implantation depending on the fixation of the restoration. 889 publications on controlled clinical trials were identified, and based on inclusion and exclusion criteria, 22 studies were selected. Related to fixed restorations, the lowest MBL was 0.05 ±0.67 mm and the highest 1.37±0.5 mm. The MBL for removable restorations ranged from 0.13±0.35 mm to 1.03±0.65 mm. Three studies analyzed the MBL around implants of overdentures in the lower jaw. The estimate for this restoration type was 0.476 mm (95% CI: −0.305 to 1.258). 19 randomized controlled studies dealt with restorations which were fixed to the implants. The estimate for the mean MBL was 0.459 mm (95% CI: 0.325-0.593).
Introduction
Edentulous patients using a conventional prosthesis suffer the loss of mastication, articulation and insufficient retention. Furthermore, this problem causes pain, loss of soft-tissue support and general dissatisfaction. 1 Masticatory efficiency is restricted to people in possession of complete dentures, namely <20% of the masticatory performance compared to those with natural dentition. One option to overcome this issue is the use of endosseous implants. 2 An established frequently used therapy enables the attachment of the dental implant with a denture. 3 Van Blarcom 4 defined dental implant as A prosthetic device made of allo-plastic material(s) implanted into the oral tissues beneath the mucosal or/and periosteal layer, and on/or within the bone to provide retention and support for a fixed or removable dental prosthesis; a substance that is placed into or/and upon the jaw bone to support a fixed or removable dental prosthesis.
By connecting the overdenture to the dental implant, the oral health-related quality of life (OHRQoL) improves as well as the masticatory forces increase.
The removable fixation of an overdenture on two implants either splinted or unsplinted is a worldwide accepted medical treatment proven by long-term studies. 6, 7 Selim et al conclude in their review that the patient satisfaction of implant-supported fixed prostheses in the mandible is higher compared to the implant-supported removable overdentures. In contrast, implant-supported removable overdentures in the maxilla reach higher scores than the implant-supported fixed prostheses. The following factors are discussed: esthetics, stability, mastication performance, and pronunciation. In addition to keeping the prosthesis clean, implantsupported removable overdentures in the maxilla and mandible show favorable results. 8 Strietzel et al check the implant loss of many different types of restorations, for example, single-tooth replacement, fixed partial denture, removable partial denture and overdenture. There is no statistically significant difference between the various types of restorations with respect to implant loss. 9 For this reason, it is important to choose carefully which restoration is the most beneficial for the patient. Therefore, the clinician has to consider many factors before starting treatment, such as expenses, amount, arrangement and implant location, existing bone quality and quantity, maxilla-mandibular relationship, condition of the opposing dentition and time frame. 10, 11 To date, there is little evidence about the relation between marginal bone loss (MBL) and implant-supported fixed or removable prostheses in medical publications.
This systematic review was conducted to evaluate the outcome of the mean MBL, implant and prosthesis success 1 year after implantation depending on the fixation of the restoration.
Materials and methods
The present review and meta-analysis were performed according to the PRISMA guidelines. 12 To define the research question clearly and to facilitate the process of performing the review, the PICOS approach was used. This approach is based on five components: population, interventions, comparator, outcomes and study design. The specific components for this review are: P (Population): patients need at least one implant I (Interventions): fixed-removable restorations C (Comparator): the comparator groups were unattended O (Outcomes): mean MBL S (Study design): randomized controlled studies 
Inclusion criteria
The following study design criteria were included in the publications search: "randomised controlled study" and "follow-up one year after implantation". Criteria used to compare the test and control groups: mean age of groups, number of inserted implants, group size, loading protocol (further details see 13 ), fixed or removable restoration, implant manufacturer, treatment of implant surface (additive, subtractive, combination of additive and subtractive, combination of different subtractive treatments), survival rate based on implants and mean MBL were further requirements for inclusion.
Exclusion criteria
Exclusions to the trail were: "studies on animals or in vitro"; "reviews"; "case reports" and "clinical trials"; "follow-up one year post-loading"; and "missing data on the above-mentioned groups".
Data extractions
Two independently working reviewers (JZ and MS) extracted the data from the full text for analysis. Both reviewers double-checked the acquired information. Discrepancies were solved by mutual agreement. While reviewing the publications a chart was created and consecutively updated. The following parameters were extracted and inserted in a chart: 
Definitions
In the literature, fixed restorations are described as screwed or cemented connection of the abutment to the implant body. Removable prostheses are fixed using a specific retention element to the implant. 14 
Statistical analysis
In this review, language bias is non-existent, because the identified studies are written exclusively in English. Moreover, the authors tried to minimize the risk of bias by only including randomized controlled studies. Publication bias might exist because there was no access to unpublished studies.
The overall MBL estimates for fixed and removable restorations were calculated using DerSimonian-Laird models random-effects meta-analysis. The Egger's test was performed to check for publication bias and the Cochran Q for heterogeneity. The association between 1-year implant survival and MBL was examined using metaregression models. The difference in meta-analytic estimates between removable and fixed restorations was tested with a metaregression including all studies using a dichotomous indicator to distinguish both restoration types. Because of the lack of information on implant success or complications in most of the studies, it was not possible to determine their relationship with MBL. Meta-analysis and metaregression were performed using STATA v.14.0 (StataCorp LP, 2015, College Station, TX, USA).
Results
For creating the review, the authors used the same data referring to the searching of the three databases as shown in a previous review "Marginal bone loss one year after implantation -A systematic review for different loading protocols" (Figure 1) . 13 22 studies (240 implants for removable restorations and 2,096 implants for fixed restorations) were included in this review.
Description of studies
All listed studies had an observation period of 1 year after implantation using intraoral periapical radiographs (Table 1) . 13 Alsabeeha et al 15 Figure 2 shows the Forest plot on the MBL around implants supporting removable restorations a year after implantation. The Figure 3 shows the Forest plot on the MBL around implants supporting fixed restorations a year after implantation. The estimate for the mean MBL was 0.459 mm (95% CI: 0.325-0.593), and heterogeneity was not significant (p=0.955). The Egger's test for freedom of publication bias had a p>0.1 (p=0.302). A decrease of −0.083% (95% CI: −0.179 to 0.013 p=0.086) in 1-year implant survival per an increase of 1 mm in MBL was observed in fixed restorations. The IQR for the 1-year implant survival reported in the considered studies was 97.0-100.0% with a median of 99.2%.
The overall MBL estimates for the fixed and removable restorations did not statistically differ (0.363 mm; 95% CI: −0.319 to −1.044; p=0.279).
Discussion
Patients suffering from partial or total edentulism benefit from the rehabilitation of the situation by inserting dental implants. This process shows a high satisfaction. 22 Several prosthetic reconstructions including either fixed or removable approaches are possible. 23 While composing this systematic review including a metaanalysis, we only searched for randomized controlled clinical trials in which the MBL was measured 1 year after implantation.
Furthermore, we wanted to assess if there is a difference concerning the MBL between the two prosthetic processes. The meta-analysis showed an overall estimated MBL for the removable prostheses of 0.476 mm and for the fixed restorations of 0.459 mm. There is very little difference between these two values, which means that both prosthetic procedures lead to <0.5 mm MBL 1 year after implantation. We noticed that the randomized controlled clinical studies in this review assessed many different issues such as different implant lengths, platformmatching/platform-switching implants, different loading protocols, submerged/nonsubmerged implants, different ball attachments and abutment connections. In conclusion, the selected randomized controlled clinical studies in this review did not directly compare MBL around implants of removable and fixed prostheses. Regarding the studies dealing with the MBL of removable prostheses, two of three trials compared the immediate and early loading. In both controlled clinical trials, the survival rate of the immediate-loading protocol was lower. To come to a decision which might be the most advantageous approach for patients in need of implant-supported overdentures, Ma et al 24 24 The difference of MBL of implants loaded 6 or 12 weeks after implantation was not statistically significant (p-value >0.05).
Concerning the implant success rate, they had comparable values to Alsabeeha et al. 15 The measurements stayed constant after 1 year until 10 years after loading.
To evaluate if there is a difference between overdentures supported by one or two implants, Tavakolizadeh et al 25 developed a study design on this topic. Twenty unsatisfied patients received either one or two interforaminal implants. After implant surgery, implants were immediately loaded. The outcome of the MBL was 0.6 mm±0.67 mm for one implant group and 0.6 mm±0.51 mm for the other. These results as well as those of Cordioli et al 26 correlate with our results.
To compare this review, for the fixed prostheses, we calculated a mean MBL of 0.459 mm considering no subgroups of the fixed prostheses. The review of Firme et al 27 describes the MBL around implants supporting single fixed prostheses and multiple-unit screw-retained prostheses. They included 17 clinical trials, 7 were related to single-implant prostheses and 10 to multiple-unit screw-retained prostheses. The mean MBL and the implant success rate for the single-implant prostheses was 0.58 mm and 100%, respectively, and for the multiple-unit screw-retained prostheses the respective values were 0.9 mm and 89.1-98.9%. They showed no statistical difference (p-value >0.05) between the two types of prostheses. In this case, it has to be considered that it was not clear when the follow-up was done, 1 year after implantation or 1 year after loading. The long-term study of Lai et al 28 showed less MBL.
The authors analyzed 231 short dental implants supporting single crowns in 168 patients using a follow-up of 1, 5 and 10 years. The MBL measured 1 year after implantation was 0.55 mm±0.45 mm. This value is comparable to our results. During the time period of 1-5 years and 5-10 years, the MBL slightly increased, with the values being 0.05 mm±0.10 mm and 0.03 mm±0.14 mm, respectively. These results indicate that most bone remodeling occurs 1 year after implantation. This systematic review and meta-analysis indicate that both the implants with fixed and with removable restorations lead to low respectively comparable MBL. However, there is a lack of clinical trials which compare these two types of restoration to each other. Further information in studies about the implant and prosthesis success rates are needed to make a clear statement. Other factors may influence the marginal bone more than the type of restoration, namely the loading protocol, or the implant surface. There is a need for further clinical trials to find the factors which lead to MBL in fixed and removable restorations supported by implants.
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